The feasibility and possible effects of palatal soft-tissue expansion in palatal repair were studied. A prospective longitudinal animal experiment was performed in 75 growing cats assigned to 5 groups. In 31 cats, a midline defect was made, and bipedicled flaps were raised at the age of 8 weeks (simulated Langenbeck operation) in or der to create palatal scars. At the age of 14 weeks, custommade tissue expanders were inserted palatally in 61 ani mals. Tissue expansion was performed by weekly inflation in 33 cats (16 without and 17 with scars) for an 8-week period. The remaining 28 cats (14 without and 14 with scars) served as sham groups. A control group was formed by 14 animals (without scars and without tissue expand ers) . Soft-tissue gain and its effects on maxillofacial growth and development were measured in the midsagittal plane on tracings from standardized lateral radiographs. The effects of the experimental interventions were evaluated for 8 weeks after removal of the tissue expanders. Not all the cats yielded results at all time periods.
This study showed that soft-tissue expansion of palatal mucoperiosteum is feasible. The surgically induced scars did not cause significant differences between the different groups in the midsagittal plane, and the data from both expansion and sham groups could be pooled. Significant soft-tissue gain was achieved by the tissue-expansion tech nique. Iatrogenic side effects were significant anteropos terior growth retardation at the level of the bony palate and an increase in vertical growth of the anterior naso maxillary height ancl the posterior skull height during active tissue expansion. After removal of the tissue ex panders, some accelerated growth was found in the tissue expansion in the scarred tissue group, with initial correc tion of the abnormal growth at the cranial base level.
It is concluded that palatal soft-tissue expansion is pos sible in growing cats. This technique, however, impaired maxillofacial growth and development. (Plast. Reconstr. Sarg. 99: I960, 1997.) T he use of soft-tissue ex p an sio n for facility ing the closure o f palatal defects in cleft lip an palate is new an d has seldom b e e n rep o rted .1 T he usual techniques for closure o f oronas com m unications in cleft lip a n d palate ai sum m arized by M illard.4 S econdary fistulas ai reported to occur as failures in 5 to 30 percei of cases after prim ary cleft re p a ir.4 Recent rep o rted closure techniques are various locor gional pedicled m ucoperiosteal flaps, such ; tadpole flaps,5 buccal m usculom ucosal flap« b u c c a l fa t p a d fla p s ,7'8 d if f e r e n t lingu: flaps,9-11 an d tem poral m uscle a n d / o r fasci fla p s/2,13 as well as o th e r te c h n iq u e s /4,15 The* flaps do n o t always yield goo d results. For i] stance, with the buccal m usculom ucosal fla] com plete closure can be achieved in 35 to ' J p ercen t of secondary fistulas at first attemp depending on the size a n d site o f the defects Closure generally becom es m o re difficult an the techniques becom e less reliable w hen mi tiple closure attem pts have b e e n m ad e. 4, 15 T h ere are several disadvantages to thei flaps. Some o f them are two-stage procedure create a donor-site defect, a n d use tissue < different origin, texture, a n d characteristics fc the repair. T he techniques may result in ten porary functional disturbances. Lingual flap for exam ple, cause tem porary im p airm en t tongue function with speech in terferen ce, an Free m icrovascularized flaps, such as the ra dial forearm fasciocutaneous flap, are hazard ous, tim e-consum ing, a n d bulky and often cause donor-site m orbidity an d visible scars.16,17 Also, each surgical intervention has a negative effect on su b seq u en t grow th an d developm ent of the dentom axillofacial com plex.18-27 A reduction in the n u m b e r o f palatal operations and subsequent scarring is therefore a desir able goal.
Soft-tissue ex p an sio n has b een used in craniomaxillofacial surgery since 1981. 28 More re cently, the use o f a soft-tissue expander for closure of palatal fistulas has been advocated.1,2 Few studies have re p o rte d on the effects of tissue expansion o n grow th ancl developm ent in growing individuals.2* 1,30 In o rd er to quantify the positive a n d / o r negative effects of subpe riosteal palatal soft-tissue expansion on the an teroposterior a n d vertical growth of the max illa, a p ro s p e c tiv e lo n g itu d in a l an im al experim ent was p e r fo r m e d an d m axillary growth was evaluated radiographically.
The p resent study evaluates the feasibility and effects o f tissue expansion on the palatal Seventy-five domestic tomcat kittens aged 8 weeks were assigned to five groups: group I, tissue expansion group (n = 16); group II, sham group (n = 14); group III, tissue expan sion in scar tissue group (n = 17); group IV, sham in scar tissue group (n = 14); and group V, control group (n = 14). The animals were housed under normal laboratory conditions in the Central Animal Laboratory, University o f Nijmegen, and received a diet consisting of granules, canned meat, and drinking water ad libitum. The cats were weighed every week and prior to any intervention.
All interventions were p erfo rm ed u n d e r standard general anesthesia, induced by 30 T i g / k g ketam ine HC1 intram uscularly (Ni~ matek 100 m g/m l, A.U.V. Cuijk, The N ether lands) with 0.5 ml atropine intramuscularly (at ropine sulfate 0.5 m g /m l) and m aintained after endotracheal intubation with a m ixture of 02 (1 liter/m in), N20 (2 liters/m in), and 0.5% to 4.0% enflurane (Ethrane, A bbott B.V., Am stelveen, The Netherlands). m ean total error of 0.23 mm. The angle NF/PI TE, SH, and CO (controls, n = 14) were showed a m ean total error of 0.92 degrees.
mutually com pared by one-way ANOVA, and Based on these results, the accuracy and reprosignificant differences, if any, were subseducibility of the m ethods were considered to quently explored by T ukey's multiple-comparbe acceptable.
Effects o f the Interventions
Mutual com parison of all groups by one-way ANOVA revealed no significant differences be tween com parable scarred and nonscarred groups for any of the param eters until removal of the expander. Additional analysis of covaritissue expansion and, to a lesser extent, surgery ance supported that scarring of the tissue itself itself slowed down the an tero p o sterio r growth isons test. The differences caused by the interventions were more p ro n o u n ced for the p erio d from 14 to 24 weeks of age than for the p e rio d from 14 to 20 weeks, indicating tim e-related effects.
The changes in distance P I direct, which are a measure of palatal grow th, indicated that was n o t decisive for the effects of tissue expanof the maxilla (Fig. 5 ). T h e distance P I indirect sion on maxillofacial growth and development increased, as expected, significantly faster in in the sagittal plane. This m eant that pooling the TE group than in the o th ers (Fig. 6 ). Meaof groups I and III as well as of groups II and IV surements along the "cranial base," defined as was allowed. Pooling resulted in a tissuethe line NF} in d icated a relative posterior expansion group TE, consisting of 26 (20) cats, and a sham group SH, consisting of 22 (18) animals (Tables I and II region, as rep re se n ted by the distance II*s in creased faster in the TE g ro u p than in the SH or GO groups (Fig. 7) . This also resulted in a significantly larger increase in the angle NF/PI in the TE g ro u p th an in th e SH an d GO groups after 24 weeks.
T h e distance OO*, which is an indication of the posterior skull height, appeared to increase faster in the TE group than in the CO group w hen the period up to 24 weeks of age was considered. T he increm ents in the first 4 weeks after removal of the tissue expanders showed three significant differences, two of which seem ed to be tem porary and one (P*F) persistent (Tables  III an d IV). T he m easurem ents in the period from 4 to 8 weeks after removal of the tissue expanders revealed some significant differences in the increase of distances related to point F (see Table IV ). T he increase in the distances ante rior to p o in t F (NF, I * F a n d P*F) was signifi cantly larger in group III th an in th e u n scarred groups. T h e distances NF an d P*F in g ro u p I increased significantly less th an in th e scarred groups III an d IV. Only two p aram eters o f the control g roup showed significant differences with any o f the ex p erim en tal data: P*F in- creased m ore in the control group than in group I, a n d FkF increased less in the control group than in g ro u p III. In the 8 weeks after rem oval of the tissue expander, g ro u p III was significantly different from the o th e r groups for the param eters NF, I % an d P*F, w ith significant increases in group III (Table V) . F urtherm ore, P*F in creased significantly m ore in group IV com pared with group I. the palatal m ucoperiosteum in growing cats with and w ithout preexisting scars. Since ex trapolation to the hum an clinical situation is im portant, an anim al m odel was chosen with a deciduous and p erm an en t dentition. Beagle dogs, although apparently suitable for study, were n o t selected for this experim ent because It is still impossible to breed n o n ro d e n t m am m als with identical congenital clefts. 35 Creating an artificial palatal cleft by surgery has m ajor negative effects on growth and develop m en t of the dentom axillary com plex. 19 This m eans that no reliable starting point exists af ter surgery.
To be able to check the validity of the softtissue expansion technique in scarred tissue, as study. Only m inor tem porary changes in the a n te ro p o ste rio r d im e n sio n s w ere found. 25 Also, the present study revealed n o significant effect of the sim ulated L an g en b eck operation on any of the param eters in the sagittal plane during tissue expansion. As a consequence, the Langenbeck and non-L angenbeck groups were pooled.
Palatal soft-tissue expansion may interfere with food intake by m echanical hindrance and expansion-related discom fort. T his is reported to occur during and shortly after inflation. 37 To is usually present in cleft lip and palate situaexam ine this possible effect o n nutrition, I, II, IV, V < III I, II, IV, V < III I, II, IV, V < III; I < rv m e : Values in mm resp. degrees p e r m onth; increm ents = differences between two time periods.
weight gain was m o n ito re d a n d reco rd ed caresors. Furtherm ore, the increased intraoral mufully on a weekly basis. N o decrease or abnorcoperiosteal tension caused by the tissue exmal weight changes w ere found.
Complications o f soft-tissue expansion in the head and neck area are well established.3,28'38'39 Complication rates vary from 0 to 69 percent depending on surgeon, tim e, technique, and anatomic site. M ost a u th o rs re p o rte d high complication rates early in their experience, with a su b sequent decrease. In a pilot study, the various techniques were practiced in order to accrue en o u g h ex p erien ce to start the ex perimental study. C om plication rates in the present study varied from 20 to 25 percent, depending on the g ro u p a n d the initial filling p a n d e r may cause p alatal tip p in g o f the incisors and a restraining effect on anteropos terior palatal growth.
The changes in the cranial base region indi cated chan g in g p ro p o rtio n s o f m easu rin g points relative to point F, the optical foram en. Tissue expansion resulted in an increase in the height of the skull in the occipital region. This phenom enon was quite unexpected, an d we can forward no explanation for it.
In the first weeks after removal o f the tissue expanders, nearly all increm ents in the exper imental groups retu rn ed to the norm al, convolume o f th e ex p an d er. Erosions, necrosis of trol values. Later on, some significant differthe soft tissues, leakage, an d extrusions of the expander w ere the m ost freq u e n t complica tions and were seen m ainly in the scarred tissue groups.
In both groups with inflated tissue expand ers, a considerable increase in the palatal soft ences between the groups developed. All these differences were found in the cranial base re gion and n o t in the param eters involved in palatal length and nasomaxillary height. This means that although the growth rates in that area soon after removal of the tissue expander tissue was fo u n d , as was expected. This proves retu rn ed to norm al, it still is questionable that tissue expansion o f the intraoral mucopew hether real catch-up growth takes place beriosteum is possible a n d th at it yields at least a yond the period of 8 weeks after removal o f the temporary tissue gain. T h e effects of the expertissue expander. These findings indicate that imental in terv en tio n becam e m ore p ro m in en t some of the abnorm al growth in the maxillo with increasing tim e after the intervention.
Tissue expansion an d to a lesser extent pal atal surgery itself, however, caused some ad verse side effects o n th e grow th of bony struc tures. P alatal g ro w th was re d u c e d in the anteroposterior direction, an d the anterior na somaxillary h e ig h t was increased. This is possi bly due to th e fact th at with the increasing volume o f th e tissue ex p an d er, the animals were less able to close th e ir m ouths. This m ight result in an o v ereru p tio n o f the maxillary incifacial complex induced by tissue expansion can persist after tissue expander removal.
A limitation of this study is the fact th at it provides only tw o-dim ensional in fo rm atio n about effects in the midsagittal plane. T hreedim ensional data are n eed ed to elucidate the positive and negative effects o f tissue expan sion.
From this study it can be concluded that tissue expansion o f the palatal m ucoperiosteum in young growing cats is possible, with PLASTICANO RECONSTRUCTIVE SURGERY,Jane 199J and w ithout scars of the palatal tissues. During growth, however, tissue expansion interferes with the anteroposterior growth of the bony structures at the palatal level. In the vertical direction, the an terio r facial and posterior skull heights are altered by tissue expansion. It also interferes with dental developm ent as the incisors becom e m ore inferiorly and posteri orly located. This may be due to interference with occlusion and traction in the soft tissues overlying the subperiosteally located tissue ex pander. Some of these effects, however, seem to be temporary, since there is a relatively ac celerated growth at the cranial base after re moval of the tissue expander in the scarred tissue expansion group.
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